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PART III OF THE THESIS

ULTRA-LOW NOISE AND STABLE PARAMETRIC AMPLIFIER

This paper involves the problems associated with the neces-
sary refrigeration of parametric amplifiers with liquid ni-
trogen. In an attempt to eliminate some of the inherent
disadvantages of this method, the liquid nitrogen was appli-
ed both inside and outside the wave guides and cavity reson-
ators. It was finally suggested that enclosing the whole
device within a single pressure~tight container into which
the liquid nitrogen would be added, might simplify the situ-
ation.

8. Investigation of the Suppression of Bubble Formation in Liquid Nitrogen
within a Cavity Resonator. /12

As was already mentioned in Parts I and II, there is a general feeling in
industry that parametric émplifiers should be refrigeréted with liquid nitro-
- gen only at the outer wall of coaxial cables or waveguides. This method re-’
sults in cooling of the series resistance Rs of the variable capaéitor only
above, along the leads which have poor heat conductivity in part. However,
since in the majority of parametric amplifiers the pump outputs change up to
0.1 W in the series resistance in yarming up, the ambient temperature TD of
the diode is well above the temperature of evaporation of nitrogen. There is
the further difficulty in completely sealing all movable tuning parts when the
outer walls are cooled with liquid nitrogen. Penetration of liquid nitrogen
results in detuning of all circuits due to the different relative dielectric

constant. In order to eliminate these disadvantages the use of liquid nitro-

gen both inside and outside waveguides and cavity resonators was attempted.

/Numbers.in the margin indicate pagination in the original foreign text.
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It then appeared that bubble formation was very active on the development of

heat, especially in the neighborhood of the variable-capacitance diode, and

- that the resonant frequency of the tuned circuit then changed rapidly. (The

ratio of the dielectric constants of liquid to gaseous nitrogen is 1.435: 1).
-On account of this, true heat conduction from the heat source (the diode)

to the outer walls should be ensured by application of excess pressure within

waveguides and cavity resonators. In order to study this type of direct: cool-

ing with good thermal conductivity, thevA-cavity resonator shown in Fig. 17

4
was designed in a coaxial arrangement for 1 Ge. Glass seals were used for the
coupling loop (below right) and for the heat source (below left). The heat
source was applied below on the floor of the cavity resonator so as not to

disturb the electric field. The heat source was a 220 ohm resistor which

could be heated with DC from the outside. Both openings in the upper end of

the cavity resonator serve for attaching the leads for liquid nitrogen.

The pressure to be expected ha& to be calculated as a safety precaution
(see sketch 10). As is to be seen from the calculation, there is little dif-
ference in temperature with heat flows of 50-100 mW, which correspond fairly
well to the normal pump matings in parametric amplifiers. For this reason
only a small excess pressure is necessary to ensure heat conduction to the
outer walls.

The investigations were carried out with the setups.and apparatus shown in
Fig. 17 to 23. The setup of Fig. 18 was used for the provision of liquid
nitrogen both within and outside the cavity resoﬁator F. TheexcessvpreSSure in
vessel A,containing nitrogen, applies pressure to the liquid nitrogen in the
reservoir B via the transfer tube C into the cavity resonator F. From there

the liquid nitrogen is conveyed further to the container D. This method of
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transferring liquid nitrogen has the advantage that at the beginning of the

cooling process the cavity resonator F is thoroughly purged with nitrogen gas

" 80 as to eliminate water vapor and other impurities.

During the transfer of liquid nitrogen from the reservoir F to the contain-

er D, a mixture of about 30% liquid and 70% gas is carried over despite good

insulation. Hence the cavity resonator F, after transfer of the 1iquid nitro-/13
gen, is partially filled with nitrogen gas. Cooling coils G are provided to
eliminate this gas residue. Fig. 19 shows the cavity resonator used with its
cooling coils, the inlet and outlet cocks and the pressure gage (scale in psi).f
The cross-rib serves to support the edge of the container D.

The process of transferring liquid nitrogen from the reservoir B into the
cavity resonator F and the container D, as well as for filling the cavity re-

sonator F with liquid nitrogen and establishing an excess pressure, was car-~

ried out by the following means.

a) Cocks M, H, K and I were opened. Liquid nitrogen flowed into contain-
er D. |

b) When container D was full, outlet cock I was closed, and with about 1.5
at. pressure, the.residual nitrogen gas flowed into the cooling coil G and the
cavity resonator F. The cooling coil G then takes over heat exchange on 1li-
quification.

c¢) Cocks M and H were closed and outlet cock I was opened. The transfer
tube C was removed from the inlet and the cavity resonator raised sufficiently
high that the cooling coil would be directly beléw the liquid surface of the ‘
nitrogen. 'The liquid nitrogen evaporated in the leads to the coils.

d) . The cavity resonator was again lowered. The outlet pipe for container .

D was removed and the pipe from the helium flask E to the cock I was clamped.



The inlet cock K was closed. On opening Cock L, helium gas flows into the out-
let lead. When the pressure is aboqt 1.3 at., part of the nitrogen present in
the inlet and outlet leads will be liquefied and an oscillatory process of
liquefication and vaporization alternately commences in the outlet and inlet
leads. This process can be clearly seen on the pressure gage in the outlet
lead. Pressure changes from 1 to 2 at. arise therefrom. After this oscilla-
tofy process has set in, outlet cock I is closed and cock K is opened.

~ e) When substantially all the nitrogen gas in the inlet lead has been 1li-

quefied and has been replaced by helium gas, cock K is closed.

The cavity resonator is now completely filled with liquid nitrogen and
stands at a pressure of 1.3 at; The oscillatory process of liquefaction and
vaporization mentioned in d) can be effectively suppressed by setting cocks I
and K below the liquid surface in container D. The pressure can be raised as
required by means of the helium flask., Other gases may also be employed for
the application of pressure, the only essential requirement being that the li-~

quefication point should be below that of nitrogen.

The measurement setup shown in.Fig. 20 and 21 was used to check the fre-
quency stability of the cavity resonator. The output of the sweep génerator
is filtered by the cavity resonator, fed to a rectifier and displayed on the
face of an oscilloscope. Changes of the dielectric within the cavity reson-
ator are revealed by the trace as a shift of the resonance point in the x-
direction. A stable resonance curve at 77°K is shown in‘Fig. 22, The mark-
ers on the resonance curve are separated by 1 Mc intervals along the x=di-
rection. It is then possible immediately to determine shifts of the reson-
ance point of the cavity resonator to a fraction.of-l Mc. Unfortunateiy the /15
location of the heat source is very unfavorable for checking frequency stabi-
-1lity although the magnetic field (on the floor of the cavity resonator) is not

affected. Only those bubbles released at the heat source, which reach the

4



electric field in the upper part of the cavity resonator, give rise to a shift

of the resonance point. This disadvantage was accepted in order that the

‘effect of liquid nitrogen on the electric field in the cavity resonator could

be measured with'greater accuracy. The investigation revealed that when the
heat flow was 50 mW, the pressure had to be raised to 1.4 at.(l.6 at.theoreti-
cally; 1.35 at.by salt solution test) and a shift of the resonance poiﬁt
accompanied this. At a heat flow of 5 W a pressure of only 1.6 at.was ne-
cessary. This shows that the stationary heating process is no longer valid

at higher heat flows. Complicated heating processes then arise which depend

-with time on the turbulence.

Measurements of the input resistance and quality, Q, were undertaken si-
multaneously with investigation of suppression of boiling of liquid nitrogen

in the cavity resonator, in order that conclusions could be drawn as to the

electrical behavior of parametric amplifiers in liquid nitrogen. Fig. 23

shows the block diagram of the measuring apparatus. The output from the

sweep generator is supplied to the cavity resonator. Between the sweep gen-
erator and the cavity resonator, additional generators and rectifiers are pro-
vided for determining,simply,the parameters of the oscillatory circuit of the .

cavity. The marker generator is véry loosely coupled capacitatively and does

not load the sweep generator. The frequency meter serves to measure the

frequency with an error less than 10_5. On superposing the marker frequency

on the time-varying sweep frequency, sudden changes in voltage arise in the
detectors, which are also independent of the paraﬁeters of the resonancé cir- /16
cuit. This superposition is displayed as a marker line as may be seen in Fig.

22. For faster and more graphic representation of‘the input impedance of the

resonator as a function of frequency, a monitor was used which was specially




designed for preséntation on a Smith chart. This monitor has four built-in

+)

detectors, the output voltages from which are proportional to the incoming
 and reflected waves and the phase angles. It is then possible to present the
input impedance of the cavity resonator, as a function of sweep frequency,
directly on the screen of an oscilloscope with the coordinates of a Smith
chart.

The input impedance of the oscillatory circuit of the cavity referred to
is shown for room temperature in Fig. 28 and that when it is filled with
liquid nitrogen is shown in Fig. 29, The results from Fig. 28 and 29 are con-
sidered in more detail in Appendix 12. The measured frequency shift due to

the change in the dielectric agrees with the theoretical value (see App. 12,

para. ¢). On the other hand the quality factor measured for the circuit,

693 = 0,375 differs greatly from the theoreticaly calculated value of ggl =
ob Q
. 02
0.885.

This difference arises essentially from the location of the reference plane
for the measured values. 1t shows very well, however, the relationships to be
expected for cooled parametric amplifiers. For this reason it is essential to
cool the component ahead of the input of the parametric amplifier as well.

The theoretical calculation in App. 1l shows very clearly that, on cooiing /17
the oscillatory circuit of the cavity both within and without with liquid ni- .
trogen, the Q is about 13% better than at room temperature despite a change of
frequency to lower values. A very much greater improvement can be achieved

with the use of ‘copper instead of brass, since the ratio of the specific con-

+)Ginzton "Microwave Measurements,' Dynamic presentation of impedance data, pp.
307-312. McGraw-Hill, 1957.




ductivities is

Summary of Results

" Cooling within and without of waveguides and cavities with liquid ni-

trogen is also possible when greater heat is developed (5 W) if 1iquid ni-

trogen is kept at a pressure of up to about 2 at. by means of helium gas with-

in the cooling parts. It is possible, with the aid of a study of the heat
flow fields, to determine the theoretical temperature of the heat source. A
good approximation is likewise given by the method using an electrolytic tank.
These methods thus seem appropriate for ascertaining the temperature wighin a
variable-capacity diode in the so-called empty band (neutral region in which
neither electron excess nor deficiency exists). This has been a very contro-
.1versia1 problem since these diodes came into use. The changes in resonance
frequency when liquid nitrogen is ﬁsed within the cavity, follow very accurate-
ly the square root of the inverse ratio of the dielectric constants. The Q

of the circuit increases despite the reduction of the resonant frequency,
especially if the coupling elements are included. Because of the accurate de-
termination of frequency changes it seems possible to apply the previously
described type of cooling also in parametric ampiifiers. A simpler way would
be to accommodate the entire parametric amplifier (input circuit, idler cir-
cuit and pump-coupling) in a single pressure-~tight container. The precau-
tions described earlier for filling with liquid ﬁitrogen should then be used
with thié container. The parametric amplifier must, however, in this case

-have an opening for supplying liquid nitrogen to it.

/18
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Fig. 19. Cavity with Input and Output Attachments
for Filling with Liquid Nitrogen.
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Fig. 20 Measurement of the frequency stability of the
resonant cavity filled with liquid nitrogen




Fig. 21 Measured resonance curve at room temperature.

Fig. 22 Stable resonance curve at 77°K
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’ Appendix 10 Theoretical calculation of the temperature differénce 92 - 01.
between a heat source and the wall of the cavity. |
The temperature difference 62 - 01 is taken for this investigation to be
very small so thét turbulent flow in the liquid nitrogen practically does not
occur . (This assumption is justified,as appears at the end of the calcula-

tion.) It is then a matter of stationary heat conduction with heat flow in all

three coordinate-directions. The following differential equation then holds:1

0 ] 2

This differential equation is similar to the potential-equation for a

stationary electric field:2

o, O 9 L,
T CEE 7 FY R (22)
In both cases flow of displacement lines are involved, which are perpen-
dicular to the isotherms or equipotentials, respectively. Hence in calculating
the temperature difference 62 - 01, the methods used in ascertaining field dis-~
tribution in charge-free fields shéuld be used.

As may be seen from Fig. 17, the heat source was mounted on the floor of

the cavity resonator. The asymmetry in the heat flow created thereby was ac-

lsee F. Schmidt "Einfuehrung in die Technische Thérmodynamik," pp. 338-
350, Springer 1950. '

25ee K. Kuepfmueller "Einfuehrung in die theoretische Eiektrotechnik,” p.

117, Springer, 1952.
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cepted in order that the electric properties might remain undisturbed. As is /2

known from the calculation of a three dimensional unsymmetric field, adequate

mathematical methods are not available. Either simplifications must be accept-

ed or graphical methods must be employed. In Fig. 24A and B is shown schemat-~
icaily how the heat flowlines and isotherms run transversely and longitudinally
through the cavity resonator. It is necessary to attempt to divide up this
field into several partial fields which'may be reduced to fields which are

easy to calculate. Fig. 1A shows the division used with surfaces F1 to F4 per—

pendicular to the plaﬁé of the drawing. The surfaces Fl and F2 limit the

fairly homogeneous field in the ldngitudinal direction of the heat source. Edge
effects at the ends of the heat source should be calculated from the fields en-

closed by surfaces F3 and F4 and from the sectors enclosed by surfaces F2 - F3
- ’

F4 - le, F1 - F4 and F3 - Fl.

and F,.

a) Heat flow leetween Fl 2

Since the length of the heat source is smaller than the diameter of the.

inner cylinder and of the outer cylinder of the cavity resonator, the flow
~field can be taken to be essentially homogeneous in the longitudinal direction
of the heat source. The calculation is thereby reduced to two.dimensions.

One account of the unequal spacing.of the heat source from the walls of the
cavity resonator, graphical methodslshould be used here (sée Fig. 25)5

The thermal current demsity is:

g
'q'=..A -4-:?‘ (23)

D

- lK..Kuepfmueller, "Einfuehrung in die theoretische Elektrotechnik," pp.
137-138.

15
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where A is thermal conducivity, A9 the temperature difference, and &K the
path length in the direction of heat flow. The negative sign indicates that

“heat flows with decreasing temperature gradient. On one quadrant of Fig. 25

the thermal current density is used:

Y 4.}.9" (24)
g=-"*Ta
00 here is the temperature difference between two neighboring isotherms.

The thermal current density for the temperature density 92 - Gl,for the

'm' isotherm is then:

Rt

(25)
a(m+1)
The heat flow for one quadrant is:
Q' = q-F (26)
‘'where F = bsl, the surface along the heat source with breadth b.
Equations 25 and 26 combined give
‘&2 "9'1 (27)

Q' ‘—"l-—-(—mo.g.o:L

The total heat flow Q1 then gives,with Q1 = n Q' (n = number of the stream-

line)
Q1 )“f} S5 WE T DU T (28)
%-is the scale factor selected and in Fig. 25 equals 1.
. n =12, m = 25 1=1.5cm
N o (29)
= A &h - | |
—X( 2 -&1) °(cm)

16




b) Heat flow Q2 between F3 and F4:

The heat flow between surfaces F3 and F4

 sake of simplicity, be taken as homogeneous over the breadth of the face

of Fig. 24A should, for the

B = 0.5 cm of the heat source. In addition, in calculating this heat flow to
the edge regiomns, the face F of the heat source should be taken to be square.

The following equivalent length of a side is then given:

v 2" | ' |
B' = 2_ = Wvgﬁég e 3.1 = 0.44 cn (29)

If the effect of the cylindrical walls on the end surfaces of the heat

source is also now neglected, the simple boundary conditions of Fig. 27 are

then obtained.

Figﬁre 27: Eield line pattern on the front surface only of the heat source..

i 17




The form of the isotherms and flow lines to be expected are elliptical and /5

hyperbolic. In order to satisfy the boundary conditions and solve the differ-~
ential equation, the following equation should be used:
W= U~+ jv = arc cos Z = arc cos (x + jy) (30)

(see Kuepfmueller, pp. 123 - 125).

In this special case, constants must be introduced in order to determine

the boundary conditions.
W =u' + jv' = C, arc cos KZ' + c, (31)
By comparison with eq. 30, the following equations are obtained:

Z = K2'
(32)

'B
w C]_W+C2

The constants C1 and C2 should be real, so that

e = Cl u + C2 (33)

If Z=x+jy=1, then 2' =d and K = %

If u = 0, u' should be 92, and if u = JZT_ , then u' = 91.

When these values are inserted in eq. 33, the constants are given as:
02 =&2 ' cq 3 (‘9'2 "'9-‘1) (34)

The function for Fig. 27 may then be written:

w' = u' + jv!

=,‘%(3'2 -\9'1) arc cbs% (x.,+ ¥ +9‘2 ;
) A ,

18
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The heat Q2 flowing across between surfaces F, and F4 , shéuld then be cal-

3

culated with the aid of the equation for the thermal current density, and the

ascertained function may be calculated.

q=-A grad.& (36)

q and grad 6 are vectors. The unit vectors i and k should be used for the
two-dimensional system x - y. (j has already been assigned for the complex

planes w' and z'.)

As may be seen from Fig. 27, the real part of u' must be associated with
the function w' of the temperature (Isotherms). Then the following relation

holds for the temperature gradient along the x-coordinate:

g:c'a.d"&/ﬁ-o‘a R/[:%Z' + K g__;_/_' /3:0 . (37)

Symbol R signifies that the real part after differentiation should be tak-

en for the temperature g:adient.
grad % ] ""/ i (35 S)arecos3{0) 9

[”.(«9" «9")0&' cos--(“))’) '“9"7/

(38)

sr;d 3‘/3.0 =/Q/$(3‘: -'S')/:.“dV/; x‘+’{l;! -yf.ﬁ '

(39)/1

-k 3
.J'y/ J("-élX)’ yz Yoo
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y = 0 gives the temperature gradient along the x-coordinate.
- X2

gl%“{f;/ ‘A;/q'(£} 'é% Zr d

k= /

Since the outward heat flow occurs only above x = d, eq, 40 may be changed

(40)

for x> d to:

smdf}/ "/3/“(5> 3)[ a],———.x;
_k | J :{ |

Jd\ll‘_‘-/ y=0

(41)

~

Then the real part is given as:

grad 9/}'-0 = K%('eé “3:) 4 ﬁé_—l—' o (42)

The k~direction indicates that the gradient is perpendicular to the x-axis

if y is chosen equal to zero. The result of eq. 42 introduced into eq. 36

gives the thermal current density in the x-direction.

#3-9)

o (43)
e

The part Q, of the heat flow is given by integration over thermal flow den-/8

sity on both sides of the front surface of the heat source.

20




Q,

as:

c) Heat flow Q3 in sectors F

d d

222 (9, -9) 6 (x s =]

d

Q,

d+8°'

3.-aa 34_’:5;)_\_(% )b a’+6”;1/8'(2a’ +8Y)

i

3

R =A (%2 =) 0.7(cny

F

2 ~F3» Fp = Fy, Fy

4

F, - F4 , and F

3

- F

(44)

(45)

When the values B' = 0.44 cm and d = 0.5 cm, are inserted, the heat flow

from the ends of the heat source between the surfaces F, and F, is obtained

(46)

1-

The heat flow Q3 is easy to calculate from the equation already derived for a

perpendicular line-sourCeg'

a5 = NV, =) — 2
- - 10 ZF (5
: : + St

Qz = A < 3‘2-"'9"'1) .1‘4(cm)4

.21

For B' = 0.44 cm, d = 0.5 cm and 2r = 0.1 cm, the heat flow is:

47

(48)

1Kuépfmueller, "Einfuehrung in die theoretische Elektrotechnik, pp. 74-75.
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The total heat flow from the heat source to the wall of the cavity is then

Q

U+ + (49)

Q

A (Fp =6+ 0,7 + 1,8 oy

(50)

From this the temperature difference between the heat source and the wall

of the cavity may be determined.

(51)

. o
&2 -&1 - W(cm)

o * (cm) :
With the value Q = 50 mW (heat developed in the heat source), 0; = 77°K
(boiling temperature of the liquid nitrogen outside the cavity) and

A = 1.4 oW/cm %k (thermal conductivity of liquid nitrogen at 77°K),the

temperature of the heat source is given as:

o
According to Fig. 26, which shows the pressure P of the liquid nitrogen as
a function of the ambient temperature T at constant volume, this corresponds

to a minimum pressure P = 1.6 at.. at which boiling just does not occur.

To test the results of eqs. 2l to 51, the following experiment, which is /10

very similar to investigations in an electrolytic tank, was carried out. The
cavity was filled with a salt solution of which the specific conductivity (3 =
1.14 10-3S/cm) was known. When a voltage U was applied between the heat
source and the wall of the cavity a current I commenced to pass through the

“salt solution. The current I forms streamlines similar to the heat flowlines,

and equipotentials similar to isotherms. Calculation of this field goes ac-

22
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cording to the same equations. We can thus write analogously to eq. 51:

- 9
U 331—2— ‘ (5 )4

The factor £ has the dimension of a length and is given by the size, the
shape and the spacing of two opposing surfaces as for example, 8.1 cm in eq.

51.
: Since U, I and 9 are known, £ may be calculated. £ should be about 8.1

cm,if equating these two is valid and the errors due to neglecting certain fac-

tors earlier are small. The measured values are:

U=41V % =114 103 S/em
I = 150 I@A
T .y -3
=iy = 200 =12 em

111,14 41072

When they are substituted in eq. 51 the temperature of the heat source is
given as:

= 80° K

and the pressure necessary is 1.35 at.

Appendix 11 Theoretical calculation of the Q of the tank at room temperature
-and 77°K.

1

The Q of the unloaded tank cavity in coaxial form with length /4

(53)

.=/u,'af—fw[h(__q+h. _,a(". )]

The rectangular clamp has only dimensions (r = radius of the outer cylin-

1See K. Fujisawa "General Treatment of Klystron Resonant Cavities," IRE

Transactions on Microwave Theory and Techniques, Oct. 1958, pp. 344-358.
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der, r= radius of inner cylinder, h = height of the outer cylinder, d =.
distance of the sample capacitance to the end of the cavity) which remain
essentially unchanged and may be specified by K. The Q of the circuit at room

temperature is denoted by Q01 and at 77°K by QOZ' Then their ratio is:

G . M ¥ DO K e

Qo Mo %, @, O K

81 is the specific conductivity, Gi

frequency of the cavity at room temperature .

the penetration and w, the resonant

1

32 is the specific conductivity,‘é2 the penetration and w, the resonant

2
freqdency of the cavity at 77°K.
The penetration is defined as:
f= — !
Vifem' >3

Eq. 55 for room temperature and 77°K when substituted in eq. 54 gives:

OOI ’ael 'Fa
=I/ (56)
Qo2 * 2 .

The ratio ;i_was measured by means of a Wheatstone bridge on a brass wire
2 .
with the alloy composition given in Fig. 17 of 65.5% Cu, 0.15% Pb, 0.05% Fe,

34.3% Zn as

¥
gp‘ - 0066

The ratio of resonant frequencies is (see App. 12)

- f
= 1.192

Hh
N |-

From this, the'ratio of Q-values is:

27
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Q,1/Q,y = ¥(0.66) (1.192) = 0.885

Appendix 12 Measured input impedance and calculation of circuit Q at room
temperature and 77°K .

The measuring apparatus used in measuring the input impedance is shown as
a block diagram in Fig. 23. With this equipment it is possible to display the
input impedance and frequency markers on a Smith chart. The curves sketched
in‘ are impedance values relative to 50 ohm. In this way it is simple to use
graphical methodslto determine circuit Q.

The Smith chart of Fig. 28 and 29 shows how input impedance varies as a
function of freqhency. The broken curve shows the values actually measured
and the continuous curve is for corrected input impedapce.

The frequency scale fixed by the frequency markers was also corrected.
Correction is necessary in order to make the frequency scale the same on botﬁ
sides of the center line. The error in resonance frequency is thereby auto-
matically lessened. As may be seen from Fig. 23, on account of ‘the choice of
reference plane, the entry caBle is included in the input impedance of the
cavity. This disadvantage is unavoidable since the effect of liquid nitrogen
on the cable could not be allowed for beforehand. All the déta thus relate to
the combination: cavity'plus cable.

a) Measured results at room temperature (Fig. 28)

Relative dielectric ;onstant €, = 1

fl(corrected) = 1003,18 Mc

1See E. L. Ginzton "Microwave Measurements,'" pp. 395-411, McGraw-Hill,1957.
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'b)

c)

frequency scale: 1.1 cm = 0.2 Mc

coupling constant g = 5.4

f
Q of the unloaded circuit:Qo = Z% = 1860
A f1 :
Q of the loaded circuit Q = — = 298
L Af
QL
fl ,
Q of the load Q = — = 358
ext
AfQ

ext

Measured results at 77°K (Fig. 29)
Relative dielectric constant €, = 1. 435
f2 (corrected) = 841.85 Mc

frequency scéle: lcm=0.2M

coupling constant B = 10

f
Q of the unloaded circuit QO = Z% = 4950

Qo
£y
Q of the loaded circuit QL =— = 231
AfQL
‘fz
Q of the load Qext = z¥§ = 255

ext
The ratio of the Q-values of the unloaded circuit is then

oa _ 1860 = 0.375

Q
Qob 4950

Frequency change since €7 # €,

1
fl = ~= Cl “(Room Temperature)
1, = 1 o (77° K)
2T ichi .
29

(57

¥



NASA TT F-None assigned

£, Cp- (58)

With this order of magnitude, the dimensions remain effectively equal. /3

Only the dielectric constant changes.

c,' €
2 _‘~-2 (59)
T, T,

Substituted in eq 58, the frequency ratio to be éxpected theoretically is

= "1.435 = 1.198 (60)

fl/f2 = 1003.18/841.85 = 1.192 is obtained.

given as:

From the Smith chart:

Translated for the National Aeronautics and Space Administration by the

~ FRANK C. FARNHAM COMPANY.

30




! . " ‘-.‘-_‘-___.___.__1’ VAL o
PR !2-493]_ RAY FLEQTRIC COMPDANY, PIND BROOK, N J. &sg,a-n PRINTED INUSA,

INMFEDANCE OR ADMITTANCE COGCRDINATES -

N A
L FSJ.I/ 001,74/ Me:

i

FIG. 28  fput impedance ‘ - el _
of the | Ge resomant cavity at Toom,tempera.tz}re._ o -

> ‘_'
L I RADIALLY SCALED PARAMETERS | . . '
MG T oaon ~ ~ ” ' P p g «u [ [ > r‘,!o‘
a2 o4 o % Q ~n e 3 ¥z %~ s 3 8 o . a2 BoF
D B S e B B B et 15 Y MW RIS B W Ee e bt by L B A T s A 2 I R D s s (e 5_1‘{.1‘1.}_&‘111.}.!:1‘1 ;...’,i-r\
3 8 ¢ i v ~ t ~
g Z‘f b Timam 4N RAT Y e e—-TowAD WA |7 @ 8 p BGS 1 P 8 5 3 & 8 e
v ’ : ! L . .
j ‘ -l ) - - v o ~. S B “~ - - ! LRV
flaogas a2 om e 202 % & Wraw s 5884 &8 & wo T o5 AL
wt -t 7 3 L4 - . S
':!"";"f'*“:“*“‘r"“{‘ L e e e S A A A B AL e s e e gty — Ay "1;%' Lt A L VL A g"l‘:ln T "'Y‘l- ; 38
P2 S o) W& . (=) 0 . o~ olo = HE S
S A R 2 2 % g &2 . I 2 * o ° 6 o o 8 P‘-
o2 I -
i CENTER -
w 2
KLECTHONIES s ¥OL L 37, MO, §, 0P, 1304933, $18+328, JAN, 1944 1 . . ‘.”"—6-5 C““f_:_ i

31




o «“ e ﬁﬁnyu.‘r

O+ 11y -

vAage

- i
1w .W.o. e
. —p . . &
el o &
’ s )
- .- a.
1 ST .Mmo 3
go-r 20 T
1 ¢ -1
.:.Tv.wo .._lbq . <
B .xu_»..,n.o sof2a
27
£9 4p
A
m a0 3% N
( B sl e
<
3 R 2 1040
z " - ‘at a9
c e .
_ﬂ Ll u R 80 0s
Tz .m o Yo wn
i . 2 50 M
ey F O T dee .
o= g Fos
L0 Inli 4 %
§3 5 .“WE.mo L8 14
qﬂ.u O .WU )
< 0O \uw. €2 o
) O -0 mm ._OMHQ 20
g n:v_ o u 2s o«
3l % Nede 3. 8
t fL ul [) u“r Z2
] (=4 R rrd ™}
x o e 5
" Jg < -
gt = o 3 -2
m M W u mlw oz -
4 2 gz 1% w3
W.. ‘ Q P ] B
g fgm g ﬁ ovter %
5 S X 3
3l g . I
X] S T =
2 Z Q ¢ 40l o f
- 5" Pr: -* -7
e N "
2 - ,ﬁw v ¥ i . -
af L) m oa.h( =
2 v:’r.\ a P\. 0..& lr\ﬂ W 4
< - ] G 4. N‘Hx G
< [-%} P ¥ P“
? S - & wd
= Lox §
.y ‘*e o o0
5 Ty + + L
R3] o if
1] <& 1t
P [n) <t * S bt m
be I } 1 S:
.u.. n f ! 1 Lm
,tn b ™S Q rﬂ“ W .Ml M !
5 cos % o .y
! & 25 g,
i d 37 F
! . €% i -
! T . s 3 %
o~ ARl e
~ b i "
5 i
mn e S T . ETTRE Ve TV S i
..! N - -\

el
~ LI ey

32




